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Background: Malnutrition in dependent patients has a high prevalence and can influence the prognosis associated
with diverse pathologic processes, decrease quality of life, and increase morbidity-mortality and hospital admissions.
The aim of the study is to assess the effect of an educational intervention for caregivers on the nutritional status of
dependent patients at risk of malnutrition.
Methods/Design: Intervention study with control group, randomly allocated, of 200 patients of the Home Care
Program carried out in 8 Primary Care Centers (Spain). These patients are dependent and at risk of malnutrition,
older than 65, and have caregivers. The socioeconomic and educational characteristics of the patient and the
caregiver are recorded. On a schedule of 0–6–12 months, patients are evaluated as follows: Mini Nutritional
Assessment (MNA), food intake, dentures, degree of dependency (Barthel test), cognitive state (Pfeiffer test), mood
status (Yesavage test), and anthropometric and serum parameters of nutritional status: albumin, prealbumin,
transferrin, haemoglobin, lymphocyte count, iron, and ferritin.
Prior to the intervention, the educational procedure and the design of educational material are standardized
among nurses. The nurses conduct an initial session for caregivers and then monitor the education impact at home
every month (4 visits) up to 6 months. The North American Nursing Diagnosis Association (NANDA) methodology
will be used. The investigators will study the effect of the intervention with caregivers on the patient’s nutritional
status using the MNA test, diet, anthropometry, and biochemical parameters.
Bivariate normal test statistics and multivariate models will be created to adjust the effect of the intervention.
The SPSS/PC program will be used for statistical analysis.
Discussion: The nutritional status of dependent patients has been little studied. This study allows us to know
nutritional risk from different points of view: diet, anthropometry and biochemistry in dependent patients at
nutritional risk and to assess the effect of a nutritional education intervention. The design with random allocation,
inclusion of all patients, validated methods, caregivers’ education and standardization between nurses allows us to
obtain valuable information about nutritional status and prevention.
Trial Registration number: Clinical Trial Registration-URL: www.clinicaltrials.gov. Unique identifier: NCT01360775Background
There is evidence that malnutrition is common in the
elderly and may influence the prognosis associated with
several pathological processes, loss of independence, de-
crease of quality of life, and increase of morbidity-
mortality and hospital admissions [1-3].* Correspondence: victoria.arija@urv.cat
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reproduction in any medium, provided the orMalnutrition prevalence has been reported as 3–5% in
free-living older adults and 11.6% to 60% in institutiona-
lized individuals [4,5] but a recent study showed 21.3%
in home care patients [5].
Educational programs for the elderly, including nutri-
tional advice, have observed improvement in health sta-
tus [6]. In Barcelona, a controlled trial was conducted in
chronically ill 65-year-old patients and healthy controls.
The intervention consisted of a self-care program as well
as education on physical activity, nutrition, and sociald. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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in nutritional status [7].
Aging is related to a loss of functional capacity, and
the role of caregiver becomes crucial to quality of life
and for both prevention and treatment of malnutrition
in dependent patients. A caregiver support program for
hospitalized dependent patients observed that the sup-
port obtained positive results for the dependent patients
[8]. In Finland, a nutrition education program based on
constructive learning theory was developed to educate
professional caregivers of patients with dementia. After
one year, the study concluded that education had posi-
tive effects on the nutrition of patients [9].
However, educational interventions for caregivers of
Alzheimer patients in France [10] and Parkinson
patients in Europe [11] have not proven effective.
The Mini Nutritional Assessment Test (MNA), com-
monly used to assess nutritional status because it can
be done quickly, has been validated for screening and
assessment of malnutrition in older people, including
the use of a reduced version [12-14]. Harris et al. noted
that the MNA test has a sensitivity of 80% and a specifi-
city of 90% [15]. Different programs have affirmed the
ability of the geriatric nutritional risk index to assess
the nutritional status of patients at home [16,17]. A
study using the MNA found that 67.6% of subjects trea-
ted in a Home Care Program and 93.1% of the institu-
tionalized subjects were malnourished or at risk of
malnutrition; with adjusted data, this risk was 4.4 times
higher among Home Care Program patients than insti-
tutionalized ones [18].
While the use of MNA as a screening tool is well estab-
lished, the assessment of nutritional status and in par-
ticular of the changes produced by an intervention
should have more specific estimator instruments. A re-
cent study observes that age, sex, and body mass index
(BMI) are responsible for 11.3% of the variability of the
MNA test, whereas MNA items related to diet are re-
sponsible for 62.5% of this variability, indicating the im-
portance of diet on the change in nutritional status. On
one hand, this observation indicates that the most im-
portant items affecting improvement of nutritional status
are the adequacy of the patient’s diet and, on the other,
that more accurate methods of assessing food consump-
tion are needed to determine the change in the diet [19].
Furthermore, the most important risk factors for mal-
nutrition in elderly patients have been identified as num-
ber of teeth [20], depression [21], and dementia [22].
This indicates the importance of assessing these health
problems in addition to the MNA test, and of this entire
assessment being done by nurses in patient care pro-
grams at the household level [23].
A Home Care Program for dependent patients has
been developed by Primary Health Care (PHC) servicesin our environment to guarantee continuity of care,
access to services, and equality in care of these patients
who for various reasons cannot go to a Primary Care
Center (PCC).
The aim of the study is to assess the effect of a nutri-
tional education intervention aimed at caregivers on the




The study design is a randomized controlled trial; inter-
vention consists of nutritional education for caregivers
of approximately 200 dependent patients at risk of mal-
nutrition, conducted in the Home Care program in vari-
ous PCC of the Tarragona-Reus area.
Research procedure is diagrammed in Figure 1.
Study population
Subjects will meet the following inclusion criteria: 1)
participation in the Home Care program (ATDOM),
2) aged 65 years or older, 3) MNA score from 17 to
23.5 points, and 4) must have a caregiver. Exclusion
criteria are: 1) MNA score outside the range of 17 to
23.5 points, 2) enteral feeding required, 3) severe dys-
phagia, 4) any serious illness that progresses to malnu-
trition, and 5) consumption of vitamin and/or dietary
supplements.
Recruitment
Random selection of 8 PCCs of the Catalan Institute of
Health (ICS) in Reus and Tarragona counties, stratified
to represent different geographical areas: a) 4 PCCs in 2
cities over 100,000 population (2 in Reus and 2 in Tarra-
gona), b) 2 PCCs in the suburbs of these cities (1 in Tar-
ragona, 1 in Reus), c) 1 PCC in a medium-sized urban
area (about 30,000 inhabitants), and d) 1 PCC in rural
areas.
Subjects will be recruited by initial identification in the
electronic medical record (e-cap) indicating that they
meet the criteria for participation, to be verified by
performing a baseline MNA test.
Randomization of groups
After subjects provide signed written informed consent,
they will be classified randomly. From a common data-
base, subjects will be computer-assigned to the interven-
tion group and non-intervention (control) group in each
PCC, proportionally to the total number of subjects.
Subjects who choose not to participate in the study will
be replaced by others of the same sex, age, and PCC to




















2nd. Home visit  2nd M.
Educational support, problem detection, questions addressed
3rd. Home visit 3rd M.
Nutritional follow-up, problem detection, questions addressed
4th. Home visit 4th M.
Nutritional follow-up, problem detection, questions addressed
5th. Home visit 5thM.
Nutritional follow-up, problem detection, questions addressed
6th. Home visit  6th M.
Data collection
7th. Home visit 12th M.
Data collection
6th. Home visit  6th M.
Data collection
7th. Home visit 12th M.
Data collection
Nurses’ training
Figure 1 Research procedure.
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Educational session aimed at caregivers: A one-hour,
standardized educational session, conducted by a nurse
in small groups of 15 caregivers will have the following
content:
 Nutritional value of food.
 Designing a healthy diet.
 Advice on dietary adaptation to address the most
common nutritional problems in this group, such as
energy, protein, vitamin, mineral and water
deficiency, and adaptation of textures.
 Recommendations on basic cooking techniques.
Monitoring of educational intervention: PCC nurses
will monitor patients monthly at home up to 6 months
and then at 12 months.
To provide individualized dietary advice as necessary,
standardized ad hoc cards have been developed with all
the predictable interventions.
Controls: Control subjects will not receive nutritional
intervention; they will be visited once to complete an
initial assessment and will receive regular Home Care
follow-up at 6 months and 12 months.
Training
Four 2-hour sessions will be held to standardize the pro-
cedure for nurses. Briefings are intended to standardize
the procedure and train the nurses of the different PCC
participants.
Content of the first briefing includes:
 Presentation of the study.
 Data collection procedures: MNA, Food Frequency
Questionnaire (FFQ), Barthel, Yesavage and Pfeiffer
questionnaires.
The second session will focus on the educational
intervention:
 Reminder of the general concepts of nutrition and
food in nutritional risk situations.
 Methodology for nutrition education aimed at the
elderly dependent’s caregiver.
The third session will be aimed to train nurses for
dietary assessment and detection of critical points. The
objectives to achieve during the month will be set from
these critical points.
The fourth session will have the following content:
 Standardization of education for caregivers.
 Creation of educational material.
 Procedures.These sessions will be conducted by expert nutrition
researchers with experience in educating health
professionals.
Outcomes Assessment
Subject variables in the intervention and non-
intervention groups: These variables will be collected at
baseline and except sociodemographic variables and
current medical history again at 6 months (end of inter-
vention), and 12 months. For the intervention group
there is a questionnaire on adherence to the diet.
Primary outcomes measures
Nutritional status variables: Key variable: MNA (Mini
Nutritional Assessment) is a validated test with sensitiv-
ity and specificity for the diagnosis of malnutrition [12].
MNA has been selected as the main variable because it
is the most used tool in PHC.
Other variables
Anthropometric measurements Determination of
standing height: Height will be measured at the highest
point of the head, barefoot, with knees together, not
bent, feet together, head up and eyes forward.
Calculation of length at knee-to-heel height (in the case
of bedridden persons): With the person supine, flex the
knee to an angle of 90. The measure will require 2
people: one will fix solid references at level of heel and
knee, and the other will measure it with a tape measure.
To estimate height, the formula of Chumlea will be used
[24]:
Man : 2:02  knee height  cm heelð Þ
 0:04  age yearsð Þ þ 64:19
Woman : 1:83  knee height  cm heelð Þ
 0:24  age yearsð Þ þ 84:88
Determination of body weight: Portable scale. Subject
will be standing in light clothes and barefoot, with the
patient at the center of the scale.
Determination of body weight when it cannot be mea-
sured: the following formula will be applied:
Man : MUAC  2:31ð Þ þ CC  1:5ð Þ  50:1
Woman : MUAC  2:31ð Þ þ CC  1:43ð Þ  37:46
Middle-Upper Arm circumference (MUAC): we will
use the midpoint of the arm. With arm relaxed and par-
allel to the body, we will determine the circumference at
this point with tape, without tightening the tape [14].
Calf circumference (CC): we will follow similar
instructions.
Daily consumption of food Food frequency question-
naire (FFQ): Knowledge of the dietary intake of indivi-
duals is a fundamental tool to assess the risk of disease.
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gives information on food intake, energy, and micronu-
trients [25].
Biochemical markers The biochemical parameters to
be analyzed are:
 Serum albumin and prealbumin
(chemiluminescence).
 Serum transferrin (immunoturbidimetric).
 Hemoglobin, hematocrit, lymphocyte count
(Coulter).
 Serum iron (colorimetric using ferrozine as
chromatogenous agent).
A unique study profile will be created to analyze all
these parameters in the Tarraco laboratory (ISO
9001:2000 certified ICS Tarragona laboratory). The ex-
traction will be done in patient homes by PHC nurses.
The same professional will take it to the PCC in regular
temperature conditions, using the standard sample
transport procedure between PHC and the central la-
boratory. The samples will be stored 8 days, the usual
period of storage in the laboratory, and the results will
be sent to the PHC within 8 days.
Secondary outcome measures
Sociodemographic variables Age and sex will be
recorded and social risk will be assessed through assess-
ment of the family socio-scale designed and validated by
Primary Health Care of Gijón [26].
Current medical history Chronic diseases registered
(e-cap), type of teeth (natural or dentures, and if pros-
thesis, good or bad fit).
Degree of dependency Barthel Test or Basic Activities
of Daily Living (ADL), used to make a physical func-
tional assessment of patients. The collection is done by
direct observation or by asking the patient if possible.
The total score is calculated by adding the score of each
activity. A higher score indicates greater independence:
High dependence (<30), moderate dependence (30–60)
and mild dependence (60–90) [27].
Cognitive function Assessment of cognitive impairment
by Pfeiffer’s test, a validated screening questionnaire of
cognitive impairment, is fast and allows corrections de-
pending on the subject’s level of education [28].
Mood Rating mood of the population 65 years old and
over by Yesavage Depression Scale identifies the pres-
ence of depression and sets levels. It consists of a series
of questions with the responses scored as 0 or 1
point. A 5-item version will be used in this study.Scores are classified as 0–1, no depression; ≥ 2, pos-
sible depression [29].
Caregiver variables in the intervention and non-
intervention groups
These variables will be collected at baseline for both
groups, except for the assessment of knowledge acquisi-
tion, which will be collected in the intervention group
before the intervention, immediately after, and at 1–6–
12 months thereafter.
Secondary outcome measures
Sociodemographic data Age, sex, socioeconomic status,
education, and the patient’s connections (family, volun-
teers, employee).
Knowledge acquisition An 11-item questionnaire on
basic concepts explained in the nutritional education
intervention, designed by researchers.
Statistical analysis
Sample size
The main variable is the MNA score. This value has an
approximate average of 25.4 and standard deviation of
3.7 points in the Spanish population [15]. It is consid-
ered that variation of 2 points is a clinically relevant
value. Considering a one-sided hypothesis and admitting
an alpha error of 0.05 and a power of 95%, a sample of
72 subjects in each group is needed to observe a differ-
ence of 2 points in the MNA test after educational inter-
vention with a precision of 80%. Taking into account
possible losses during follow-up, the sample expands by
20% (15 subjects) so that the study includes 87 subjects
in each group, a total of approximately 200 patients.
Analysis strategy
Variables will be described as mean and standard devi-
ation and percentages for quantitative and qualitative
variables respectively. Comparison of quantitative vari-
ables will use Student-Fisher T test and analysis of vari-
ance for categorical variables and the chi-square
statistical test. Standard tests (Kolmogorov-Smirnov and
Shapiro-Wilks) will be used to verify the hypothesis of
normal distribution of quantitative variables. If the pre-
conditions for the application of statistical tests are ful-
filled non-parametric tests will be used.
Longitudinal studies with a control group, which act
in a phased manner on the caregiver-patient to see the
effect on the patient, have different directions of ana-
lysis: caregiver assessment to measure acquisition of
knowledge and implementation of dietary advice, and
patient assessment to measure the effectiveness of edu-
cational intervention on nutritional status (MNA, diet,
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intervention and control group and between groups.
To evaluate these effects, multivariate models of mul-
tiple linear regression and logistic regression will be
created.
To measure the effect of educational intervention on
the patient’s nutritional status (MNA, diet, anthropom-
etry, biochemistry), the results will be adjusted according
to degree of knowledge acquisition and implementation
of dietary advice, as well as other variables that may
interfere with the patient’s nutritional status such as
socio-economic characteristics, caregiver education
levels, and patients’ chronic diseases, dental status, de-
gree of dependence (Barthel test), cognitive function
(Pfeiffer Test), or mood (Yesavage Scale).
Initially the inclusion in the model of all variables that
are part of the theoretical model will be forced, and in a
second phase there will be an automatic selection by the
stepwise method (backward and forward) to get reduced
models.
The conditions of application of the models will be
verified by standard techniques that are primarily based
on analysis of the residuals.
The bilateral null hypothesis of normality, no differ-
ence and no significance of regression coefficients, will
be discarded when their probability is less than 5%.
For data analysis the latest version of the software
package SPSS/PC for Windows will be used.Ethical Approval
The study protocol was approved by the Ethics Commit-
tee of the Institute of Primary Care Research (IDIAP)
Jordi Gol on April 27, 2009.Discussion
Conducting a randomized intervention study allows us
to compare the effect of an educational intervention
about nutritional aspects between two groups, interven-
tion and control, and random geographic location of the
subjects avoids bias.
Inclusion of the PCCs of our area is randomized and
stratified representing different geographical areas
according to various categories: rural, urban, city center
and suburb. The inclusion in the study of all patients in
the Home Care program of the selected PCCs is impor-
tant to avoid selection bias.
Educational intervention is aimed to caregivers be-
cause its efficacy in improving the health of dependent
patients has been observed. Inclusion of the educational
intervention in a Home Care Program already being car-
ried out by nurses facilitates the conduct of the study
and guarantees continuity if positive results are
obtained.The same assessment methodology will be used for
the intervention and non-intervention groups and differ-
ent nurses will conduct the groups to avoid influence be-
tween groups in the majority of the centers, except in
the smallest centers where the same nurse will necessar-
ily conduct both groups.
Education will be standardized among the nurses and
will use the North American Nursing Diagnosis Associ-
ation (NANDA) methodology specific to the nursing
profession. Nursing diagnosis is the clinical judgment
about an individual response to life processes, including
real or potential health problems, and provides the basis
for the choice of nursing intervention in order to reach
the goals or outcomes. These results should be formu-
lated before identifying and performing interventions,
which are those actions that are aimed at helping the pa-
tient to achieve the expected results based on knowledge
and clinical judgment [30].
Inclusion of NANDA methodology will improve the
effect of early education of caregivers because it con-
tinues nutritional counselling in a direct and persona-
lized way, nurses will use their own professional
methodology, and this one is internationally accepted.
Study results will be obtained for the main variable
MNA test, a validated screening test with a sensitivity of
80% and a specificity of 90% [14], and also using other
outcomes measures like anthropometric measurements
(estimated according to standard recommendations), a
validated food frequency questionnaire, and biochemical
markers. Standard laboratory methodology will be fol-
lowed for extraction, transport, treatment and storage of
the samples, which will be frozen for simultaneous ana-
lysis to avoid analytical variability.
Losses to follow-up are a limitation of longitudinal
studies. Moreover, in dependent patients, the loss is very
high due to their serious health condition. The 20% in-
crease over the minimum required sample and the effect
at 6 months will be calculated for intermediate reporting
in the case of subjects lost to follow-up.
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